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1Abstract. XMM-Newton observations of the X-ray fea-
ture 1SAX J0617.1+2221 in the IC 443 supernova rem-
nant are reported. We resolve the structure of the nebula
into a compact core with a hard spectrum of photon index
γ = 1.63+0.11
−0.10 in the 2–10 keV energy range. The nebula
also has an extended (∼ 8′ × 5′) X-ray halo, much larger
than the radio emission extension. The photon index soft-
ens, following a linear scaling with distance from the cen-
troid, similar to other known X-ray plerions. The index
range is compatible with synchrotron burn-off models. All
the observational evidence points toward a confirmation of
the plerionic nature of the nebula, as recently suggested
by a Chandra observation, but with characteristics more
similar to “non Crab-like” plerions. We discuss the im-
plications on the synchrotron nebula magnetic field if the
> 100 MeV emission reported by CGRO EGRET is pro-
duced by the synchrotron emission. We also constrain the
thermal emission of the central object, arguing that the
surface temperature should be around 0.1 keV, although
other possible fits cannot be excluded on the base of the
XMM-Newton data.
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1. Introduction
The processes of conversion of pulsar spin-down energy
into high-energy emission in pulsar wind nebula are of
great physical interest (e.g., ??; ??). Modern arcsec reso-
lution instruments such as on XMM-Newton and Chandra
that are sensitive to photons up to 10 keV provide unique
possibilities to study pulsar nebulae, because the non-
thermal emission of the nebulae may be easily detected
and studied in this band (e.g., Vela-X, ??, ??; G21.5-0.9,
??, ??; and 3C58, ??), even when immersed in the soft X-
ray emission of the companion shell, as is often the case.
Indeed, the shell SNR IC 443, once though to be mostly
thermal in the X-ray band (??; ??) has been discovered to
emit hard X-ray emission by ??. ASCA Gas Imaging Scin-
tillator (GIS) observations by ?? discovered the localized
character of the hard X-ray emission and its non-thermal
nature. They concluded that most of the 2–10 keV pho-
tons came from an isolated emitting feature and from the
South East elongated ridge of hard emission. ?? and ??
reported a hard component detected with the Phoswich
Detector System (PDS) on BeppoSAX and two compact
X-ray sources corresponding to the ASCA sources de-
tected with the BeppoSAX Medium-Energy Concentrator
Spectrometer (MECS) (1SAX J0617.1+2221 and 1SAX
J0618.0+2227). Very recently, 1SAX J0617.1+2221 has
been observed by Chandra as reported by ??, who also
show a VLA observation at 1.46, 4.86 and 8.46 GHz, and
a polarization measurement. They argue that the hard
radio spectral index, the amount of polarization and the
overall X-ray and radio morphology strongly suggest that
the source is a plerion nebula with a point source in it,
whose characteristic cometary shape is due to supersonic
motion of the neutron star. However, the limited counting
statistics of the 10 ks Chandra observation do not allow a
detailed spectral study of the nebula, which is required to
compare this new plerion with current theoretical models.
Moreover, IC 443 is a possible candidate for the CGRO
EGRET γ-ray source 3EG J0617+2238 (??) having a flux
above 100 MeV of ∼ 5× 10−7 ph s−1 cm−2 with a photon
index of 2.01 ± 0.06. More detailed measurements of the
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nebula spectral properties are needed to study the relation
between 3EG J0617+2238 and the nebula.
In this paper an XMM-Newton study of the recently
discovered plerion nebula in IC 433 is presented. In par-
ticular, we use the large effective area of the EPIC in-
strument to address the synchrotron burn-off effect in the
nebula, to resolve its structure and measure the flux, and
to constrain the thermal radiation of the central object in
the nebula.
2. Observations
IC 443 was observed as part of the Cal/PV phase of
the XMM-Newton Observatory (??). Here, we have used
the two observations centered on 6h17m24s.3 +22d26m43s
(J2000) performed on 2000 September 27. Data from the
two MOS (??) cameras and the PN (??) camera are used.
The MOS and PN cameras are CCD arrays which collect
X-ray photons between 0.1 and 15 keV and have a field of
view of 30′ diameter. The pixel size is 1.1′′ and 4.1′′ for
MOS and PN, respectively, while the mirror Point Spread
Function is 6′′ Full-width at half maximum. The data were
acquired with the medium filter and in full image mode,
and therefore the temporal resolution is 2.5 s and 73 ms
for the MOS and PN, respectively. The poorer spatial res-
olution of the PN is compensated for by its greater sen-
sitivity, on the average 20–30% more than the combined
MOS cameras.
The Standard Analysis System (SAS) software used
(version 5.0.1, xmmsas-20001215) takes cares of most of
the required events screening. However, we have further
screened the data to eliminate some residual hot pixels
and occasional background enhancement during intervals
of intense incident flux of soft protons. In particular, we
extracted the background lightcurve at energies > 10 keV
and identified time intervals of unusually high count rates
(typically more than 1 s−1) and removed them from subse-
quent analysis. We merged the the event files of the sub-
pointings before continuing with the analysis. The total
screened and unscreened exposure times are 24 and 32 ks,
respectively.
